Since C. de Duve "discovered" lysosomes about 50 years ago, the organelle has been established as a major site of intracellular degradation. Recent extensive studies on degradation processes in organisms such as ubiqutin-proteasome system has revolutionized our view toward biodegradation, such that biodegradation is now understood to perform various active functions beyond people's wildest imagination. In contrast to the last century in which biologists mainly focused on biosynthesis, the new century promised to become the age of biodegradation. In this stream, the investigation of lysosomes is also entering a new phase.
The keystone of lysosomal function is a cluster of hydrolases existing in the lumen of lysosomes. Genetic defects of these lysosomal enzymes can cause severe disorders, socalled lysosomal diseases, accompanied by the accumulation of indigestive materials inside the lysosomes. Although their importance is apparent, the presence of these enzymes is not a sufficient condition for the functional lysosomes. The mechanism delivering target materials into lysosomes on demand are also required. For this purpose, cells have developed a network of lysosomes and other organelles connected by membrane traffic (Fig. 1) . The membrane trafficking selects targets, timing, and quantities of degradation in lysosomes, which themselves tend to digest everything arriving within their reach. In addition, the network also delivers the hydrolases that are newly synthesized in the endoplasmic reticulum into lysosomes. Compared with detailed analysis of lysosomal hydrolases, there still remain a lot of enigmas in the transport systems toward lysosomes. However, a flurry of studies was done on them during the latest decade, with remarkable progress being made in the field. It slowly began to unveil how the membrane trafficking delivers molecules into the lysosomes and what roles it plays in physiological aspects.
In all eukaryotic cells, there are two major pathways of membrane traffic reaching lysosomes, the endocytic pathway and autophagy (Fig. 1) . The former delivers cargo from outside of cells and the plasma membrane, while the latter transports materials in the cytoplasm into lysosomes. Endosomes also relay newly-synthesized lysosomal enzymes from the secretory pathway to lysosomes (biosynthetic pathway). It is well known that receptors endocytosed from the plasma membrane are either recycled to cell surface or transported to lysosomes for degradation. This sorting event, which takes place in the endosomes, is critical, since it acts as a filter of cellular signal transduction. If growth factor receptors are recycled back to the plasma membrane excessively, the cell would receive the growth signal in excess and then be transformed. Recent studies have shed light on the molecular mechanisms of this endosomal sorting. In this issue, Raiborg and Stenmark introduce their recent findings about a mammalian protein Hrs that seems to play a key role in the molecular sorting machinery of endosomes.
Although autophagy was already observed in electron microscopy in the early 60s, its molecular basis has long been scarcely understood. The breakthrough came from yeast genetics; genes essential for the pathway, such as APG, AUT, CVT, were identified during the past ten years. Huang and Klionsky, who identified Cvt proteins, review the molecular machinery of autophagy revealed by characterization of the products of yeast genes. In macroautophagy, a major type of autophagy, a unique double membrane structure, called the isolation membrane, surrounds a portion of the cytoplasm and even organelles, and forms a sealed autophagosome. The autophagosome finally fuses with lysosomes. In third chapter of this review cluster, Mizushima et al. describe the mechanism and the regulation of autophagosome formation which were unraveled by analyzing mammalian counterparts of yeast Apg proteins, and also discuss possible roles of autophagy in mammals. Autophagy is induced by various conditions including starvation and hormonal stimulation. In their article Petiot et al. describe that different signaling pathways are involved in the regulation of mammalian autophagy. This group is a pioneer in the research on the control of autophagy.
Until recently, lysosomes had been believed to be a terminal or dead-end organelle, but now we know that it is not true. Lysosomes are unexpectedly dynamic; they differentiate to lysosomes-related organelles (LRO) acquiring specialized functions in certain cell types and even authentic lysosomes are able to secrete their contents to the extracelDepartment of Cell Genetics, National Institute of Genetics, Yata 1111, Mishima, Shizuoka-ken 411-8540, Japan.
Tel: +81-559-81-6881, Fax: +81-559-81-6884 E-mail: tamyoshi@lab.nig.ac.jp lular milieu. Raposo has worked on these relatively new fields and has provided us with numerous interesting achievements. She and her coworkers summarize here their recent progress in studies on LRO, especially MHC class II compartments in antigen presenting cells and melanosomes in pigment cells. All five articles in this review cluster are good guides to lead you to this new frontier of cell biology. The antiquated view of the organelle known as lysosomes is changing. They are not mere sacks for hydrolases but the center of complex, refined, and dynamic membrane trafficking. We begin to see exciting new aspects and a variety of molecular mechanisms for delivering and sorting cargo molecules inside cells. Moreover, as described in the reviews, the membrane trafficking related to lysosomes plays pivotal roles in diverse physiological and pathological processes. The continuing investigative approaches to it will provide new avenues for understanding the significance of membrane trafficking in tissues and individuals. Fig. 1 . Road map of the lysosomal network. From cell surface, the endocytic pathway extends to lysosomes. The biosynthetic pathway bridges the secretory pathway and the endocytic pathway. Autophagy delivers materials from the cytoplasm to lysosomes. A novel pathway from lysosomes to the plasma membrane was found recently. Certain cell types possess specialized organelles derived from lysosomes.
